SUMMARY A technique for the extraction of cells from bone marrow trephine core biopsy specimens using collagenase digestion was assessed in 39 cases (33 diagnostic and six normal). Diagnostically useful numbers ofcells were extracted from all marrows. Morphological assessment ofcytocentrifuge preparations of these cells gave a correct diagnosis in 23 (60%) of cases compared with 27 (70%) for the corresponding aspirated marrow smears. Phenotypic analysis using flow cytometry showed persistence of a range of surface membrane antigens following collagenase digestion. Increased autofluorescence was a problem in some cases.
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Cytochemistry, bone marrow culture, and cytogenetic analysis could also be carried out on these cells. It is concluded that this technique has useful diagnostic applications in cases of dry taps.
Dry bone marrow taps may occur in many haematological disorders. These include the densely cell packed marrow of acute leukaemia and some malignant lymphomas, the fibrotic marrow of myeloproliferative disorders and some lymphoproliferative disorders such as hairy cell leukaemia, and the hypocellular marrow of aplastic anaemia. When this occurs diagnosis is impaired as marrow aspirate smears are not available for cell morphology and cytochemistry. Furthermore, karyotyping, bone marrow culture, and immunological phenotyping techniques using cell suspensions cannot be done.
In these circumstances attempts to assess cell morphology by "roll imprints" are made but cell numbers and quality are poor. Alternatively, plastic embedded ultra thin histological section ofbone marrow trephine biopsy specimens may be used,' but this technique is difficult, labour intensive, and not available in every laboratory. Frozen section immunohistochemistry has been advocated for immunological phenotying of marrow in cases of dry taps,2 but this technique is also demanding and so not widely used.
We present and assess a simple alternative technique for use in cases of dry taps in which cell suspensions suitable for morphological assessment, cytogenetics and immunological phenotyping are prepared by collagenase digestion of trephine bone marrow core biopsy specimens.
Accepted for publication 3 November 1988 Material and methods Thirty nine adult marrows were sampled over nine months. These included six normal marrows (disease free staging marrows) and 33 diagnostic marrows. Final diagnoses are listed in table 1.
An 11 gauge Jamshidi trephine biopsy needle was used to take unilateral or bilateral core biopsy specimens from the iliac crest. Bone marrow cores were divided transversely with a scalpel under sterile conditions. The sample for digestion was placed in 3 ml of Iscove's modified Dulbeccos's medium (Gibco) containing 100 U of preservative free heparin (IMDM + HEP) and the remainder fixed in formalin for histological analysis. Roll imprints were made before fixation in cases of dry taps.
Marrow smears were made directly and some aspirated marrow diluted in 3 ml (IMDM + HEP) for further investigation. In all cases of a dry tap aspirates were attempted from multiple sites.
The trephine biopsy specimens were cleared of adherent clots using a scalpel, measured, then gently washed by replacing the medium twice using IMDM + 10% fetal calf serum. Collagenase (type II, Sigma No C-6885) in IMDM + 10% fetal calf serum was added to a final volume of 3 ml and a final concentration of 0 I%. The trephine biopsy specimen was aspirated by applying a pasteur pipette directly to the core biopsy specimen. It was then incubated at 37°C with 5% carbon dioxide, 5% oxygen, and 90% nitrogen. A final aspiration was used to release the cells from the marrow trabeculae and to disperse the 427 These slides were used for cell morphology, cytochemistry, and, as required, for in situ immune markers. The remaining cells were used for flow cytometric analysis and in some cases for cytogenetic analysis or clonogenic assays.
To further test the effects of collagenase on certain membrane markers cell culture and cell recovery, washed aspirate samples from the "normal" group and peripheral blood lymphocytes and mechanically dispersed spleen cells were used. Each sample was divided into equal aliquots. One aliquot was incubated with 0-1% collagenase in IMDM + 10% fetal calf serum in the incubator for two hours or overnight and the other portion was analysed immediately. Cells exposed to collagenase were then washed twice and suspended in IMDM + 10% fetal calf serum, analysed, and results compared with those for untreated cells.
Surface membrane antigens were detected by an indirect immunofluorescence technique using various monoclonal antibodies: Leu4 (CD3), Leu3 (CD4), Leu2 (CD8), CoTl1 (CD2), M3 (CD14), MY9 (CD33), HLe-I (CD45), HLA-Dr, Leu 1 (CD5) and HPCA-1 (CD34) (Becton Dickinson, California, USA); Bi (CD20), B4 (CDl9), and J5 (CDIO) ( Overnight digestion ofaspirate marrow suspensions from the normal group did not result in a significant loss of cells. Average cell recovery was 93% (range 69-103%).
CELL MORPHOLOGY AND CYTOCHEMISTRY
Differential counts on cytocentrifuge preparations of marrows digested with collagenase were very similar to the counts on aspirated marrow smears. Megakaryocytes were seen in cytospins of five of the six normal marrow cores digested.
The cell state of the cytospins stained with MayGrunwald-Giemsa was assessed on morphological grounds as good in 20 of 39 (51%), moderate in eight (21%), and poor in 11 (28%). By comparison, the results for the marrow aspirate smears were good in 24 of 30 (80%), moderate in three (10%), and poor in three (10%) and trephine marrow core roll imprints were good in one of 10 (10%), moderate in one (10%), and poor in eight (80%). A correct diagnosis could be made on 60% of the cytospins compared with 70% of the aspirated marrow smears and 20% of the roll imprints when each preparation was assessed in isolation (table 1) overnight was unaffected. The fluorescence intensity had a dry tap, showed a deletion of the short arm of and coefficient ofvariation was essentially unchanged. chromosome 7.
KARYOTYPING

Discussion
Three selected trephine digestions were also cultured for cytogenetic analysis. One normal biopsy specimen Collagenase has been used to dissociate cells from soft showed a normal karyotype, a case ofchronic myeloid tissue tumours,3 bone marrow in both animal models4 leukaemia showed a single Philadelphia chromosome, and in man5 for bone ' Morphological assessment of cytospins of digested marrow gave similar results compared with standard marrow aspirate smears and were most suited to diagnoses dependent on the identification of a discrete abnormal cell population within the marrow. Diagnoses dependent on identifying subtle changes in cell morphology (such as myelodyplasias) may be less reliable because of artefact in the cytospins. Typical artifact seen was nuclear clefting, mechanical distortion, cell debris and degenerative changes in the maturing granulocytic cells.
The results ofthe phenotyping studies confirmed the persistence of a wide range of useful cell markers after exposure to digestion. The procedure may have advantages compared with aspirated marrow samples because of lack of blood dilution, good cell numbers, and the averaging of irregularly distributed marrow cells achieved by this technique, particularly when marrow pathology is focal. Case 1 in table 2 shows the avoidance of blood dilution by this technique. Preliminary agar marrow culture studies have shown that the clonogenicity of cells extracted from trephine biopsy specimens is maintained.
The method presented is a relatively simple, rapid, and inexpensive means of making cell suspensions from bone marrow biopsy specimens which may be used for cell morphology, cytochemistry, phenotypic analyses, cytogenetic analysis and agar bone marrow culture studies in cases of dry taps.
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